Adaptive evolution and functional innovation of Populus-specific recently evolved microRNAs.
Lineage-specific microRNAs (miRNAs) undergo rapid turnover during evolution; however, their origin and functional importance have remained controversial. Here, we examine the origin, evolution, and potential roles in local adaptation of Populus-specific miRNAs, which originated after the recent salicoid-specific, whole-genome duplication. RNA sequencing was used to generate extensive, comparable miRNA and gene expression data for six tissues. A natural population of Populus trichocarpa and closely related species were used to study the divergence rates, evolution, and adaptive variation of miRNAs. MiRNAs that originated in 5' untranslated regions had higher expression levels and their expression showed high correlation with their host genes. Compared with conserved miRNAs, a significantly higher proportion of Populus-specific miRNAs appear to target genes that were duplicated in salicoids. Examination of single nucleotide polymorphisms in Populus-specific miRNA precursors showed high amounts of population differentiation. We also characterized the newly emerged MIR6445 family, which could trigger the production of phased small interfering RNAs from NAC mRNAs, which encode a transcription factor with primary roles in a variety of plant developmental processes. Together, these observations provide evolutionary insights into the birth and potential roles of Populus-specific miRNAs in genome maintenance, local adaptation, and functional innovation.